INTRODUCTION
The desire to discuss pricing milk in the United States on some other basis than milk yield and fat percentage has been surfacing regularly. The American Dairy Science Association annual meetings of 1963 and 1972 appear to have provided convenient and knowledgeable forums. At each of these symposia a geneticist was invited to examine the consequences of selection for milk constituents. In 1963, Laben (5) discussed sources of variation in milk yield and yield and content of its constituents including genetic variation and covariation. By 1972, more genetic research had been done, and Gaunt (3) provided an excellent summary Received July 27, 1976. of the consequences of selection for constituent composition or yield.
The thrust of those symposia generally was how to increase the fractional content of desirable constituents, whether defined to be fat, protein, solids-not-fat, or total solids. From a nutritional point of view, the goal should be to increase the total yield of these constituents rather than just their proportionality. Standardization of these components could be used to attain the most desirable composition of the final product to enhance flavor and marketability. At the 1972 symposium, Jacobsen (4) stated that double standardization of whole milk (fat and solids-not-fat) was possible and desirable. Luke (6) agreed on the desirability and suggested pricing schedules including fat and protein differentials. Thus, the purpose of the following discussion is to examine the probable consequences of selection for yield of milk and its constituents or for its composition from the standpoint of output of fat and protein.
The Genetic Problem
The basic purpose of selection for any trait or economic combination of traits is to obtain progeny that will maximize the change from the parent generation. The basic rule to remember is that daughter genetic value = (sire's genetic value + dam's genetic value)/2
Since genetic values only can be predicted, predictions are substituted into the above equation. If bulls and cows with the highest possible predictions are used to produce the next generation of cows, then that generation is expected to have the largest possible increase over the parent's generation in both genetic value and associated records.
Genetic gain per year, however, can be approximated from the following equation ( AGcows is the genetic selection differential for cows used to produce the next generation, and L B and L C are the generation intervals for males and females.
Three factors make up the genetic selection differential, e.g., AGbull = accuracy of evaluation times selection intensity factor times the genetic standard deviation
An examination of these three factors for male and female selection shows that bull selection will account for over 90% of the genetic progress per year. The genetic standard deviation is the same for selection of both bulls and cows. The generation intervals are about 7.5 and 5.5 yr for bulls and cows. For heritability of .25 (about the value for milk, fat, and protein yield) and 50 daughters per bull, the accuracy of bull evaluation is .88. The accuracy of cow evaluation would be .50 if only her record is used. The selection intensity factor is 2.06 if the top 1 of 20 bulls is chosen but is only .20 for cow selection if the top 90% are used to produce replacements. Bull selection then would account for 95% of progress per year.
If heritability is .50 (about the value for fat content or protein content), accuracy of bull evaluation goes to .94 and to .71 for cow selection. Selection of bulls would account for 93% of genetic progress. Thus, most of the discussion in this presentation will be concerned with the effects of selection of bulls.
The formula for the genetic selection differentials also points out what part biological variation plays in genetic progress. The selection intensity factor is determined primarily by management practices although limited by reproductive rate. Generation intervals are determined similarly. Accuracy, defined as the correlation between the evaluation and the animal's true genetic value, depends on heritability of the trait and the number of relatives with records used in the evaluation. As heritability increases, accuracy also increases if the same kinds of records are available. Thus, heritability is important for genetic progress but not as important in terms of accuracy as might be believed, because in sire evaluation, as the number of progeny becomes large, accuracy will approach unity for any heritability greater than zero.
Heritability is defined as the fraction of the total variation in a trait accounted for by genetic differences in the animals. Thus, heritability multiplied by the total or phenotypic variance equals the genetic variance. The square root of genetic variance is the genetic standard deviation, the constant part of the genetic progress equation that determines the magnitude of the genetic selection differentials. The two parts of the genetic standard deviation are the square root of heritability and the phenotypic standard deviation. With little phenotypic variation or with a low heritability, little progress can be made even with intense selection and high accuracy of evaluation.
Estimates of those two critical parameters are in Table 1 . The first set is from the cooperative Southern and Northeastern project (7) involving five breeds. The other is from a study of Holstein records (1) . The heritabilities are .20 to .25 for yields and .50 to The conclusions of the previous paragraphs are for selection specifically for the trait under consideration. The response in one or more traits is also of concern when selection is based on one or more traits (not necessarily the same traits). The expected correlated response in any trait can be calculated if the selection criterion and genetic covariances among the traits are known. The method of calculation commonly is taught in advanced animal breeding courses and is not necessary for this discussion except to state that knowledge of the pbenotypic and genetic variances and covariances associated with the traits is necessary to do the calculations. Estimates of the covariances are in Table  2 . Selection intensity will determine partly the rate of progress, but for this discussion all genetic gains will be expressed relative to a gain of 1000 kg for milk yield when the selection criterion for bulls is the average of milk records of 50 daughters. In comparing expected results from selection of cows the selection criterion will be a single record of the cow.
Selection Using One Trait
The usual procedure is to examine correlated changes in other traits when selection is on a single trait. Table 3 shows the expected correlated responses from selection of bulls and Table 4 those for selection of cows both relative to a 1000 kg gain in milk based on the covariances in Table 2 . Gaunt (3) presented such tables based on mass selection for individual breeds.
The first three rows of Tables 3 and 4 are identical for bull and cow selection due to an algebraic relationship when heritability is .25. When selection is for fat or protein content, the expected responses from selection of bulls and cows are not the same, but the basic pattern is similar.
Selection for milk would result in relatively high response in yield of fat and protein and a small decrease in fat and protein content. Selection for fat or protein yield would result in relatively high responses in the yield traits and either small positive or slightly negative responses in the content traits. Selection for content of fat or protein would result in lowered total yield of milk and relatively small increases in yield of fat or protein, more for the trait under selection. The responses in content would be relatively great especially for the trait on which selection is based. These results should and do agree closely with other reports <1, 7).
Selection Using More Than One Trait
Animal breeders use a particular jargon in aMultiplying by the product of the corresponding two standard deviations will convert the standardized covariances to actual covariances. bGenetic covariances are averages over all breeds and methods of analysis from (7) . Phenotypic covariances from (1). If the relative emphasis per standard deviation is set at 1.4:1, the proportionality of value per unit is determined by dividing by the corresponding standard deviations. These become: for milk, 1.4/1270 = .0110 per kg and for fat 1/50 = .02 per kg. The relative proportionality is the same as the original values per unit of $.11 and $1.98 which is all that is important in selection index procedures.
The expected responses for selection based on milk, fat content, and protein content are in Table 5 for various proportions of relative aRelative to gain of 1000 kg of milk from selection for milk yield from milk yield alone.
economic emphasis on those components. The expected responses with major emphasis (12:1:1, 8:1:1) on milk are similar to those for selection for milk alone except that yield of fat and protein is expected to be higher and the change in content to be small. Increasing the relative emphasis on fat and protein content would result in less progress for yield of milk, fat, and protein and increases in fat and protein content. Expected responses when the selection emphasis is twice as much for fat content as protein content and when emphasis is twice as much for protein content as fat content are not greatly different from those in Table 5 .
On the other hand, if selection emphasis is on fat and protein yield rather than content, the expected changes are in Table 6 . In that case, the expected changes are nearly the same no matter what the emphasis is for milk yield. Equal emphasis on all three yield traits would be expected to result in relatively large progress for all three yield traits and essentially no change in content. Selection for fat and protein yield with no emphasis on milk would not result in much less genetic change in milk yield but would result in slightly more gain in fat and protein content than selection with joint emphasis on yield of milk, fat, and protein.
Selection on Product Value
Since protein and fat are the most important components of milk, a logical pricing scheme is to pay for the yield of protein and fat and to charge a transportation cost for the total volume of milk. A similar pricing scheme is 
where GF, Gp, G M are genetic merit for fat, protein, and milk, V F is the economic value per unit increase in fat yield, Vp is the economic value per unit increase in protein yield, and V T is the average transportation charge per unit increase in milk yield.
To examine the potential effects of such a pricing structure a starting point is needed. The first step was to let V F be the current support price for fat and Vp be the current support price for skim milk powder. Whether these are exactly appropriate is not important as will be seen later. For a fat price of $1.935 per kg, the value per standard deviation is $96, and for a protein price of $1.376 per kg, the value per standard deviation is $56.
The transportation cost is more difficult to determine and will vary according to the situation. In New York the average distance milk is transported is about 161 km, the pickup charge is $.19 pe r 45 kg, and the distance charge is $.18 per 45 kg per 161 km so that the average transportation cost is $.0082 per kg (Story, personal communication, 1976) . The transportation cost per standard deviation of milk is $10. Thus, the relative emphasis for fat, protein, and milk would be 96:56:-10. These were rounded down to 9:5:-1 for ease of computation.
The cost of producing fat and protein should be deducted from the gross price. What the costs are is not clear (Elliot, personal communication, 1976). Therefore, various combinations of net prices were used. The results are in Table 7 show a flat response in that considerable changes in relative emphasis do not change the expected responses much except for the last two rows. Such selection would tend to increase fat and protein content slightly and would be nearly optimum for increasing fat yield and protein yield. Although the market prices would have to change drastically for the net value of a standard deviation of protein to be the same as the net value of a standard deviation of fat because of the difference in magnitude of the standard deviations, Table 8 was prepared to show the expected responses. Again the responses are similar down to relative emphasis of (-1, 2, 2). These responses are similar to those in Table 7 when more relative emphasis is on fat than on protein yield.
Selection Using Only Milk and Fat
Most Dairy Herd Improvement testing programs now record milk yield and fat test which aRelative to gain of 1000 kg of milk from selection for milk yield from milk yield alone.
then is converted to fat yield. Therefore, the use of only milk and fat may be a practical alternative to the use of milk, fat, and protein if the expected results are comparable. Table 9 lists the expected responses if selection is positive for fat yield and negative for milk (transportation cost). The expected responses are high for fat but are only about 80% of optimum for protein yield. Another approach, which is possible through selection index techniques, is to select for milk and protein yield by milk and fat records which are available from current testing programs. Table 10 shows the expected responses for different relative economic emphasis. The result which is most comparable to results for all three traits is with emphasis of (-1, 2) for milk and protein. The drop in expected response from (-1, 2) to (-1, 1) is drastic, so some thought should be given to using a safer proportionality for relative emphasis such as (-1, 3) or (-1, 4) which gives similar expected results.
The basic problem with using milk and fat to select for milk and protein is the usual one when more than one trait is involved. The actual responses will depend on the true genetic covariances among the traits. These are notoriously difficult to estimate accurately. The covariances used for this discussion are the best available, but there always should be some doubt about making strong recommendations based on such estimates. For example, if genetic covariances from the study by Butcher et al. (1) are used in the calculations, joint selection for milk, fat, and protein would give aRelative to gain of 1000 kg of milk from selection for milk yield from milk yield alone. aRelative to gain of 1000 kg of milk from selection for milk yield from milk yield alone.
smaller expected responses for the yield traits but considerably larger expected changes in the content of fat and protein than if the genetic covariances from the regional project (7) are used.
Economic Consequences of Changes in Milk Pricing
A question always should be asked about the economic consequences of selection on the basis of one set of economic values when another set may be used to pay for the milk produced. Thus, four sets of economic values were used to examine this possibility; the first two are based on the currently used pricing equation with milk at $19.80/100 kg with a differential for fat test of $.198 per .1% change in fat test from a base test of 3.5%. If test is put on a fractional basis the equation can be written as: These are gross economic values for milk and fat. Net economic values were guessed to be 56% of the price for milk and 50% of the price for fat.
The first of the other two sets of economic values included a transportation charge of $.0082/kg of milk and support prices for fat and skimmed milk powder of $1.935/kg and $1.376/kg. The other set included the same transportation charge but assumed the net value of added fat and protein was 50% of the gross support price.
These four sets of prices were applied to some alternative selection programs, and the results are in Table 11 . If selection was for protein or for milk and protein with (-1, 0, 2) emphasis using milk and fat records, dairymen could expect to make slightly more money than if selection were for milk alone with only milk records with the current pricing of milk, fat, and either gross or net economic values. Selection using milk, fat, and protein records with emphasis of (-1, 9, 5) or (-1, 4.5, 2.5) would not be as economical as selection for milk alone.
If, however, value pricing were used which includes transportation, fat yield, and protein yield, then selection with that relative emphasis would yield the most economic return. However, selection for fat alone from either fat records or from fat and milk records is nearly the same as selecting for economic value from milk, fat, and protein records; $105 vs. $107 and $48 or $49 vs. $50 depending on whether gross or net economic values are used. Selection for milk and protein (-1, 0, 2) using milk and fat records gives the same expected economic result as selection for fat.
CONCLUSIONS
The results in the tables suggest that selecting for milk is relatively efficient for improving A note of caution should be repeated; the genetic covariances among the milk traits for this discussion may not be representative of the true covariances. If another set of genetic covariances is applicable, the conclusion about not selecting for content would probably still stand, but the precise amount of selection emphasis to put on milk, fat, and protein yields may change as might the comparison of joint selection with selection for milk alone.
If the covariances for this discussion are accurate, then little can be gained in terms of joint selection for milk, fat, and protein over the use of currently available fat and milk yield records. If only milk and fat records were used, costs of protein testing or of converting to the capability for protein testing could be avoided.
